Three-dimensional views of cell structures at high magnifications made possible by the scanning electron microscope (SEM) are becoming increasingly useful to biologists. Methods that have proved useful for stabilizing biological soft tissue for observation in the SEM include the critical point method (1, 2), freeze drying, freeze fracturing followed by freeze drying (4, 9, 10), observation of specimens frozen and fractured in the SEM specimen stage (7), and applied glycerol substitutions (8). Viewing animal cells embedded and fractured in plastic is a convenient alternative for studying both extracellular and intracellular structures. The method permits a direct comparison of structures seen by the SEM with structures viewed by transmission electron microscopy in ultrathin sections cut from the same e m b e d m e n t in the same block.
Three-dimensional views of cell structures at high magnifications made possible by the scanning electron microscope (SEM) are becoming increasingly useful to biologists. Methods that have proved useful for stabilizing biological soft tissue for observation in the SEM include the critical point method (1, 2) , freeze drying, freeze fracturing followed by freeze drying (4, 9, 10) , observation of specimens frozen and fractured in the SEM specimen stage (7) , and applied glycerol substitutions (8) . Viewing animal cells embedded and fractured in plastic is a convenient alternative for studying both extracellular and intracellular structures. The method permits a direct comparison of structures seen by the SEM with structures viewed by transmission electron microscopy in ultrathin sections cut from the same e m b e d m e n t in the same block.
M A T E R I A L S A N D M E T H O D S
Unfertilized eggs of the polychete worm, 3lercierella enigmatica, were spontaneously shed when the animals were pulled from their tubes and placed in individual containers of seawater. These eggs and cells of Tetrahymena pyriformis were double fixed in glutaraldehyde and osmium tetroxide, concentrated into pellets by mild centrifugation, embedded in Epon (5) and Maraglas (3), respectively, and sectioned for transmission electron microscopy. The same blocks from which the thin sections were cut were then fractured in planes passing through the pellets of embedded ceils. With the embedded material facing upwards, fractures were made under a dissecting microscope just below the trimmed and sectioned faces of the blocks. In the region of the embedded pellet of cells, a sharp razor blade was used to cut horizontally into the side of the block for a depth of 1 mm or less. The razor blade edge was then flicked upward against the plastic at a right angle to the plane of the cut so that ahead of the razor blade edge the plastic was caused to fracture through the mass of embedded cells. If the fracturing is done inside a transparent plastic bag, the chip of plastic fractured from the block can be easily recovered. The surfaces exposed by the fracture, either on the piece of plastic that chipped away, or on the piece of plastic from which it was chipped, were oriented for examination by attaching the trimmed pieces of fractured plastic to specimen stubs with a droplet of silver-conducting paint. After the paint was dry the specimens were coated by vaporizing a layer of gold 200-300 ,~ thick onto them in a vacuum evaporator. These fractured and coated surfaces were then viewed and photographed with a Kent Cambridge Mark II A SEM. . Thus large surfaces of the pellicle are exposed. In some cases entire cells are pulled free of the plastic. Most of the cilia are sheared off, but otherwise, surface detail on the pellicle is quite good. Ciliary meridians (Cm) are prominent. In Fig. 5 the Maraglas apparently was pulled out of the buccal cavity, leaving substantial lengths of ciliary axonemes extending from the undulating membrane (Urn) and the adoral zone (Azm) of the membranelles. In Fig. 6 , contractile vacuole pores (Cvp) are shown in considerable detail. Plastic appears to have pulled out of the pores during fracturing, permitting the SEM to image even the sides of the wails of the pores. While the technique works well with embedded pellets of individual animal cells such as egg ceils or protozoan cells, application of the technique for the study of soft animal tissue such as kidney has not as yet been very successful. On the other hand, the method has been very useful for the study of plastic-embedded plant tissue. This is due to the fact that fracturing occurs predominantly at the interfaces of cytoplasm and cell wails. Fig. 7 , for example, is a fractograph of pine stem tissue embedded in Maraglas. Much cell wall material was fractured away, exposing large areas of plasmalemma surfaces on which clusters ofplasmodesmata (P) fractured in cross section appear as small pits. In other areas where protoplasts were torn away, exposing the inner surfaces of the cell walls, pit fields with remnants of plasmodesmata fractured in cross section may be seen. Such preparations promise to be useful in studying plasmalemma surfaces and cytoplasmic continuity between plant ceils.
RESULTS
The fracturing away of plastic from surfaces of embedded structures occurs on a fine scale in routine ultramicrotomy. Maser et al. (6) have demonstrated with transmission electron microscopy and platinum shadowing that even very thin epoxy sections that show silver interference colors may have a considerable amount of three-dimensional relief that results from fracturing, rather than smooth cutting, of embedded specimens. Collagen fibrils, for example, observed projecting upwards from the surface of the sections were not smoothly cut, but they were apparently pulled and fractured away from the adjacent plastic. Such preparations are valuable for the study of much finer threedimensional detail than is possible with the limited resolution obtained by scanning electron microscopy of the more gross fractures used in our study.
Fracturing of plastic-embedded specimens permits an easy way to obtain three-dimensional views of large areas of specimens which can be compared with results obtained from thin sections cut from the same embedment. Specimens embedded and used even years ago for transmission electron microscopy can now be fractured and studied with this method and the results correlated with earlier findings. It is also quite possible to cut thin sections FIGURE 7 Axial resin canal in the differentiating xylem of pine stem (Pinus echinatus Mill.) embedded and fractured in Araldite. The exposure is radial. T, outer plasmalemma surface of a differentiating tracheid; E, outer plasmalemma surface of an epithelial cell; P, clusters of plasmodesmata fractured in cross section; CW, inner surface of the cell wall of an epithelial cell or the parenchyma cell accompanying the resin canal. Pit fields with remnants of plasmodesmata are seen at arrows. X 1,700.
at right angles to the fracture plane studied, either before or after viewing the specimen in the SEM, if positive identification of a particular portion of the fractograph warrants thin sectioning of the specimen.
Within the limits of the resolution of the SEM, the results are similar to those obtained by freezefracture replication. No systematic studies of the quality of the fractures relating to factors such as the consistency of the embedment, the temperature at which the embedment is fractured, etc., have yet been made. Using fractured specimens such as shown in Figs. 2 and 3 , electron microprobe analysis could be profitably employed to determine the elemental content of certain exposed cellular constituents.
